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Background: Traumatic Brain Injuries (TBIs) as a result of traffic accidents are one of the major causes of deaths, which lead to the loss of individuals’ productive and working years of life.
Objectives: This study aimed to calculate the economic burden of traumatic brain injuries in fatal crashes at Shahid Rajaei Trauma Hospital, Shiraz, Iran for a period of five years.
Patients and Methods: In this descriptive, cross-sectional study the population included people who had died as a result of TBIs during 2009 to 2013 in Shiraz Shahid Rajaei Trauma Hospital. Cost and demographic data were obtained from the participants’ medical records using data gathering forms, and some other information was also collected via telephone calls to the victims’ families. Economic burden of TBIs due to traffic accidents, which led to death, was estimated using the human capital as direct costs of treatment, and the number of potential years of life lost and lost productivity as indirect costs.
Results: Deaths resulting from TBIs due to traffic accidents in Shiraz imposed 6.2 billion Rials (511000 USD) of hospital costs, 6390 potential years of life lost, and 506 billion Rials (20 million USD) of productivity lost. In the present study, the mean age of the individuals who died was 38.4 ± 19.41 and the productivity lost per capita was 1.8 billion Rials (73000 USD).
Conclusions: The findings of this study indicated that the economic burden of TBIs was high in fatal accidents in Fars Province so that it was equivalent to 0.00011% of Iran’s Gross Domestic Product (GDP) in 2013. Therefore, more attention has to be paid to the rules to prevent the fatal accidents.
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1. BackgroundNowadays, progress in medical science and technology has significantly reduced mortality caused by infectious diseases. On the other hand, mortality due to accidents, especially car accidents, has increased (1). A survey con-ducted by the World Health Organization (WHO) revealed that about 5.3 million people die in accidents every year (2). Around the globe, deaths and injuries due to car ac-cidents have the highest rate of deaths caused by unin-tentional injuries, and annually, they lead to the death of about 2.1 million people and injuries of 50 million people in the world (3).Most car accidents occur in developing countries (4). Studies have shown that 75% of the one million people killed in road accidents were living in developing coun-tries and half of them occurred in Asia, mainly in South Asia (5). According to the global burden of diseases, deaths caused by traffic accidents will be ranked as the sixth leading cause of death in the world by 2020; be-sides, traffic accidents will become the third cause of life years lost and years spent with disability. In addi-
tion, in countries with low or medium income, traffic accidents will become the second leading causes of life years lost. The rate of death from traffic accidents will be increase to 80% in countries with low and medium income while in high-income countries; this rate will be reduced by up to 30% (6). Regarding road accidents, Iran is one of the top ranked countries in the world, and the number of deaths from road accidents has reached 30 in one thousand deaths (7). Most of these people are young, usually 20 to 30 years old (8). Traumatic brain injury as one of the causes of death and disabil-ity throughout the world is defined as damage to the brain that causes impairment and disability, often in the form of dramatic loss of power, independence, pro-ductivity and income potential (9). It is estimated that annually, 1.5 million people die after traumatic brain injury and millions of people require emergency treat-ment after this injury. Severity and mechanism of brain injury determine the resulting mortality and disabil-ity. However, an undesirable outcome (death, vegeta-
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tive coma and severe disabilities) following TBIs might reach over 20% (10, 11). Moreover, the total lost years due to accidents are more than those caused by any other causes of death, and these lost years lead to 15% of the world’s total wasted lives (4).Although Iranian mass media report that casualties of traffic accidents are increasing, no accurate statistics about brain trauma are available. Brain injuries are im-portant and have a high prevalence rate; nevertheless, their direct and indirect costs cannot be easily assessed. As a result, there is still no clear, integrated strategy to deal with and treat brain injuries, particularly mild in-juries. Furthermore, the rate of injury incidence is un-known and this has an important role in estimating the cost of treatment (12, 13). This study aimed to calculate the economic burden of traffic accidents leading to death as a result of trauma brain injuries, including total direct and indirect costs, at Shiraz Shahid Rajaei Trauma Hospi-tal, during a five-year period.
2. ObjectivesUsing the human capital approach that deals with hid-den costs or opportunity costs of lost sources, this study aimed:To calculate direct treatment costs spent on people who died of TBIs.To estimate potential years of life lost and productiv-ity lost by individuals who died, from the second half of 2009 to early 2013 at Shiraz Shahid Rajaei trauma hos-pital.
3. Patients and MethodsThis was an economic evaluation of cost-outcome description, which was carried out as a retrospective cross-sectional research in 2013. The study population included all patients who had died as a result of brain injuries due to traffic accidents in Shiraz Shahid Rajaei Trauma Hospital from the second half of 2009 to early 2013. The primary costs, lost lives and lost production value were measured in these people from the view-point of the society. Direct costs associated with TBIs included direct treatment costs while indirect costs in-cluded the loss of income or lost production imposed to the society. Lost life due to premature death by TBIs was considered as a social cost, and a direct cost imposed to the society in the form of the number of potential lost years. In this study, we used the SPSS software ver-sion 19 for statistical analysis and Microsoft Office Excel for years of lost life and productivity lost calculations. For statistical analysis, independent samples t-test was used for comparing means of quantitative variables in two groups, one way analysis of variance (ANOVA) for comparing means of quantitative variable in more than two groups, and chi-square test according to nor-mal variables for comparing frequency of qualitative variables in the two populations.
3.1. Data SourcesFirst of all, the types of required data as well as the hos-pital costs were determined. In order to collect the re-quired data, we used two methods: firstly we performed a review of the patients in order to extract the cost data and the information of those who had died, including demo-graphic data (age, sex, marital status, place of residence, patient’s education, occupation and patient’s insurance type). Secondly, we carried out phone call interviews with their family members to complete the data, especially about the patient’s education and occupation. Regarding the macro approach of the present study, the economic burden was calculated as the total direct and indirect costs. We used the following methods to estimate the di-rect and indirect costs.
3.2. Hospital CostsIn this study, hospital costs referred to hospitalization, hoteling and medical costs including medicine, operating room, physician visits, radiology, physiotherapy, labora-tory, ambulance and other fees recorded in hospital bills.
3.3. Funeral CostsIn order to estimate the funeral costs (14), the funeral costs paid to the families of those who had died, by social insurance organizations (15) were used. According to pre-viously mentioned studies, the average funeral cost was 5 million IRR for each person who had died within the years of conducting this research. Hence, the total cost was estimated by multiplying the number of people who had died by the funeral-related fees.
3.4. Potential Years of Life LostThe Standard Expected Years of Life Lost (SEYLL) was used to calculate the lost years due to premature death. In this method, the standard life expectancy is used at any age to estimate the lost years at that age. The total lost years for each age group was estimated by considering 3% discount rate and using the following formula (16, 17):
YLL= NCe
(ra)
(β+r )2[e (−β+r )(L+a)[−(β+r )(L+a)−1]−e−(β+r )a[−(β+r )a−1]]
In which N = the number of people who had died for a giv-en age and gender; L = standard life expectancy of people who had died at the same age and sex; R = discount rate (3%); β  = contract rate for calculating age value (0.04); C = constant 0.1658.
3.5. Costs of Potential Productivity LostPer capita Gross Domestic Product was used to calculate the costs of potential productivity lost, as shown by the formula below (14):Potential production lost by the people who had died =
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R = discount rate (0.05) (14); i = average number of years lost due to fatal accidents (the average age of the people who had died minus life expectancy in 2013); W = the GDP per capita; g = economic growth rate (3.7%, mean econom-ic growth in the past 30 years).In this study the mean age of people who had died with-in 2009 to 2013 was 34, 37, 41, 44 and 36, respectively and life expectancy in Iran was 74 (18). Therefore, the average number of lost years for each death was calculated sepa-rately for each year (for example for 2013, 74-36 = 38). Ac-cording to the World Bank database, the average GDP per capita was 88 million IRR (3552 USD) in 2013 (18).
4. ResultsDuring 2009-2013, TBIs from traffic accidents were the underlying causes of 279 deaths at Shiraz Shahid Rajaei Trauma Hospital, amongst which 240 (86%) were male and 197 (70.6%) were married. The mean age of those who had died during this period was 38.4 and most deaths had occurred in the age group of 15- 29 (117 = 41.9%). The time of death in 83 cases (29.7%) was before 24 hours. All individuals who had died, had been hospitalized for 2544 days in total, before dying and the average hospitaliza-tion period was nine days for each person. Most cases (147 people or 52.7%) died in the Intensive Care Unit (ICU). Fur-thermore, 72% of deaths (201 patients) had occurred as a result of cerebral hemorrhage while the cause of death in eight people was skull fracture and in 70 patients (25%) it was brain trauma. Regarding the underlying causes of injuries, the victims died as a result of car accidents (128 cases, 45.7%), crashes of motorcycles with cars (91 cases, 32.5%), motorcycle accidents (48 cases, 17.1%) and pedes-trian accidents (12 cases, 4.3%). Among all 279 individuals who died, 250 people (89.6%) used free treatment under article 92 of the Fourth Development Plan or they paid only a small part of the costs. Most of the deaths in Shiraz (n = 23) had occurred in district 5.
4.1. Hospital and Funeral CostsReviewing hospital records of patients who died in the accidents showed that the total costs of hospitalization, hoteling and treatment were 6273 million IRR (253300 USD), 98.9% of which was paid by the government ac-cording to article 92 of the Fourth Development Plan. According to this article, people who are injured in road accidents must be treated in hospitals free of charge. The total funeral cost was 1395 million IRR (56300 USD) and average hospital cost was 22 million IRR (888 USD) for each patient. Most hospital costs (63.3%) were related to hospitalization costs including the cost of ICU, pub-lic bed and treatment (4008 million IRR, 161800 USD) (Table 1).The hospital costs did not have a significant relation-ship with age, sex, marital status, type of insurance, oc-cupation, education, time of death (before or after 24 hours), and the main and the underlying causes of death yet they had a significant relationship with location of residence (Shiraz, other cities of Fars Province, and out-side of Shiraz) and duration of inhabitancy (Table 2).
Table 1.  The Average Cost of Hospital Services for People With Brain Injury who Died as a Result of Traffic Accidents
Costs Fee
Million IRR USD Percent of Total
Hospitalization 4008 161808 63
Hoteling 53 2139 1
Operating Room 438 17682 7
Radiology 169 6822 3
medicine 1098 44327 17
Physiotherapy 25 1009 0.5
Laboratory 207 8356 4
Visit 170 6863 2.7
Other 111 4481 1.8
Total 6279 253487 100
Table 2.  The Relationship Between Hospital Expenditure and Demographic Data of Individuals who Died a
Demographic Characteristics No. (%) Hospital Cost, IRR (USD) P Value
Duration of hospitalization 0.0001 day and less 110 (39.4) 1921964.9 ± 18207424.5 (77.6 ± 735)Up to 1 month 148 (53) 21168661.6 ± 16778034 (854 ± 677)Up to 2 months 16 (5.7) 36723420.4 ± 24384510.3 (1482 ± 984)More than 2 months 5 (1.8) 51890539.2 ± 19011247.5 (2094 ± 767)
Location of residence 0.001Shiraz City 135 (48.4) 17213466.2 ± 13209139.7 (694 ± 533)Other cities 103 (36.9) 23184231.8 ± 18086041.3, (935 ± 730)Out of Fars Province 41 (14.7) 26010033.2 ± 22246331.7 (1050 ± 898)a  Data are presented as No. (%) and Mean ± SD.
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4.2. Life Lost Due to Premature DeathThe number of lost years as an indirect social cost was 6390.57 years for all people who died of TBIs during the study years in Shiraz Shahid Rajaei Trauma Hospital. This loss of years was 5725.63 for men and 664.94 for women of all ages. The most lost years were among 15-29 (117 death cases and 3954.55 years lost) and 30-44 (61 deaths and 1515.86 years lost) age groups, respectively. Amongst men, the greatest number of lost years was seen in the two above-mentioned age groups (102 death cases and 3447.56 lost years in the 15-29 age group and 53 death cases with 1317.06 lost years in 30-44 age group) while in women most death cases and, consequently, the great-est number of lost years (15 deaths and 378.62 lost years) were seen in the 15-29 age group.
4.3. Potential Productivity Lost Due to DeathPotential productivity lost was 1816 million IRR (73300 USD) for each person who died and 506770 million IRR (20 million USD) overall during 2009-2013. The potential productivity lost and the years of life lost are presented in the Table 3.
5. DiscussionThis study indicated that the total estimated costs im-posed by brain trauma deaths resulting from accidents were 513 billion Rials (20.7 million USD) during 2009 to 2013, 98% of which was related to lost productivity (indi-rect costs) and 2% related to direct medical expenses at Shiraz Shahid Rajaei trauma hospital. This hospital is a center for patients with injuries (trauma injuries) in Fars Province and Shiraz City. According to WHO’s estimation, the cost of road accidents is 1% of the GDP in low-income countries, while in medium- and high-income countries this cost can reach 1.5% and 2.0% of GDP, respectively (5). Although this was a local study, the total imposed cost was nearly 0.00011% of Iran’s GDP in 2013. This reduction of GDP would impose considerable pressure on the econ-omy of a growing country like Iran. In two other studies (9, 19), the lost revenue was considerable compared to 
GDP with regards to the number of premature deaths. In the present study, the total direct medical cost (hospital costs) during 2009 to 2013 was 6273 million IRR (253300 USD) and the average direct medical cost was 22 million IRR (888 USD) for each individual who died regardless of the funeral expenses. The total direct costs were reported to be 2952 USD by al-Masaeid et al. (jordan) (20) and 6948 USD by study of Kayani et al. (9) during 2001-2005 per in-dividual who died. In a study by Chen et al. (21) in Canada, 46% to 65% of direct medical costs were associated with acute and essential cares. Likewise, in the present study 63% of the total direct medical costs were related to hos-pitalization services and special care. Health care costs as-sociated with TBIs might be catastrophic for households. In a study from Vietnam, 84% of TBIs patients’ families were faced with catastrophic costs of health care services (22). In Iran, however, the implementation of article 92 of Iran’s Fourth Development Plan seems to be effective in reducing the patients’ out of pocket expenses; this can help the health system reach the goal of being fair in financial contribution. However, it is worth mention-ing that from the viewpoint of the societies, this cost is a burden on the health system and the question is whether these costs, especially indirect ones, are repairable. The present study showed that the average life lost was 46 years per individual, which was higher than that of other studies (9, 14). This confirms that TBIs-related deaths oc-curred in younger individuals and a total of 6390.57 lost years were estimated as a result of premature deaths. Other studies have also reported a large number of life years lost due to accidents. For example, study of Kay-ani et al. the number of life years lost due to premature deaths was 48501, representing a social loss as a result of premature death of 1358 people and a decrease in productivity (9). The mean age of the individuals who died was 38.4 with a median of 32 years and standard deviation of 19.41. This implies that a high percentage of deaths occur at a young age due to traffic accidents and, therefore, more years are lost. In all these studies, higher indirect costs were imposed on societies by means of losing more potential productivity. As estimated in this study, the lost productivity value was 73 thousand USD
Table 3.  The Potential Productivity Lost and the Years of Life Lost Within Five Years a
Year 2009 2010 2011 2012 2013
Deaths 38 102 77 34 28
Lost YearsValue 996 2444 1664.5 678 608Change, % -31.9 -59.2
Potential productivity lostValue, Million IRR (Million USD) 73675 (2.9) 189820 (7.6) 134377 (5.4) 56040 (2.2) 52857 (2.1)Change, % -29.2 -58a  As the study population included patients from the second half of 2009 to early 2013 and data of 2009 and 2013 were not complete, thus changes for these years were not calculated.
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per death case. In other studies done in Iran, this value ranged from 43 thousand USD per death (14) and 133 thousand USD per death resulting from job accidents (19) to and 326 thousand USD in the study of Kayani et al. (9). It is obvious that the prevention and reduction of traffic accidents are a matter beyond the scope of the health system; however, to play its role as a trustee, the health system is required to pay special attention to those who contribute to health outside the health sector in order to prevent traffic accident injuries and deaths (23). It is often believed that the ministry of health can play an important role by providing timely prehospital emergency services and ultimately medical and rehabilitation services as it has been proved that appropriate prehospital services and the availability of trauma centers after the accident are the key to the reduction TBIs-related deaths (24). Meanwhile, the health system has to work effectively in order to coordinate with other effective sectors to prevent traffic accidents. Evidence suggests that educating people and establishing driving regulations such as the use of helmets for motorcyclists, the use of seat belts for drivers, as well as improving vehicles and road safety are among effective factors in reducing traffic accidents and severe head injuries (25). In one study, Rezaei et al. clarified that head injury severity is the most important factor in the deterioration of cognitive functioning and general health and even has an important role in the incidence of mental disorders and other psycho-neurological problems and disabilities in TBIs patients (26). In this study, there seemed to be a significant relationship between the total costs and the location of residence and duration of inhabitancy of the person who died. Regarding duration of inhabitancy, the difference in average costs was due to prolonged hospitalization and high costs of special care during hospitalization. Furthermore, regarding the place of residence of the person who died, difference in average costs could be due to differences in severity of the accidents so that people with more severe injuries had died earlier and it had not been possible for them to be hospitalized at the ICU with higher average costs. On the other hand, the average costs were higher for injured patients who had been referred from other cities in Fars Province because they had stayed longer at the ICU; doing post hoc tests and determining the significance of the relationship between variables showed that their average costs were significantly higher compared to that of others. According to the results of this study, economic burden of deaths as a result of TBIs in traffic accidents of Shiraz is high and will increase significantly if we consider the costs of victims with minor injuries or the productivity lost in hospitalized patients.Consequent to the report issued by WHO in 2002, par-ticular attention was paid to fatal traffic accidents and life years lost as a result, so that the annual reduction of traffic fatalities by 10% was inserted in Article 163 of the Islamic Republic of Iran's fifth development plan. 
However, unfortunately, a high number of premature deaths still occur as a result of traffic accidents and this emphasizes the need to revise adopted policies. On one hand, reducing the number of accidents can improve the community’s health status through the reduction of life years lost and years living with disabilities. On the other hand, reduction in the number of accidents might re-duce imposed additional costs on the health system and the country's economy because accidents impose a high financial burden, directly or indirectly, through lost pro-ductivity years of life or reduction of people’s productiv-ity capacity. Using the experiences of other countries to deal with this problem can guide policy makers. Imple-mentation of an advertising-educational plan namely Global Helmet Vaccine Initiative in Vietnam showed that the use of helmets by motorcyclists reduced the risk of death and damage to the head by up to 18% and 16%, re-spectively (27). This evidence suggests that it is not neces-sary for policy makers to think of complicated and costly options; sometimes an inexpensive and simple interven-tion is much more effective than other interventions.In this study, due to lack of a prehospital costs record system in the Iranian health system, these costs were not taken into consideration. In addition, we did not consider the costs associated with accidents, such as the costs of car damages mentioned by other studies, which might impose a high economic burden on the society. Furthermore, limiting the research population to those who died in accidents can cause lower estimation of the financial burden on the society (9).
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